Introduction
The importance of Pd(II) aryl complexes in organometallic chemistry derives mainly from their involvement in carboncarbon and carbon-heteroatom bond-forming reactions. 1 Their reactivity with unsaturated molecules often results in the insertion of these molecules into the aryl-Pd bonds, forming new ligands or, after decomposition reactions, organic compounds. 2 A valuable synthetic tool that we have extensively explored is the incorporation of a substituent at the ortho position of the aryl group, [3] [4] [5] [6] [7] as this substituent can become involved in the reactivity with the Pd centre and the organic substrate in many interesting ways. [3] [4] [5] [6] [8] [9] [10] [11] [12] Very often, the ortho-substitution also results in the formation of cyclopalladated complexes. 3, 4, 7, 9, [10] [11] [12] Following this line of research, our group has previously investigated the reactivity of ortho-palladated phenol derivatives. 6, [10] [11] [12] [13] Their reactions with CO, isocyanides, alkenes, alkynes, and allenes did not involve the OH group in the ortho position. 6, 13 In contrast, the electron-donating ability of this group played a crucial role in the reactivity towards nitriles, 10, 12 carbodiimides, 11, 12 cyanamides, 12 and isothiocyanates, 12 which afforded the first examples of the insertion [10] [11] [12] of these molecules into a C-M bond of a late transition metal. These insertion reactions occurred together with the deprotonation and coordination of the hydroxyl oxygen to Pd, forming 6-membered chelate rings (Chart 1). [10] [11] [12] With carbodiimides, the addition of the O-H group to one of the CvN bonds of the substrate, together with the coordination of the other N to the Pd atom, was an alternative reaction to the insertion. 11 We have recently extended this research to ortho-palladated hydroxymethylphenyl complexes, 14 where the methylene link in the alcoholic substituent might significantly influence the reactivity towards unsaturated molecules. There are very few reports of 2-hydroxymethylphenyl palladium complexes 15 or oxapalladacycles derived from them. 16 These compounds have been used as precatalysts in Heck and cross-coupling reactions, 17 but their reactivity towards unsaturated molecules had not been systematically investigated, with a single report on a reaction of a palladacycle with tert-butyl isocyanide, yielding an imidate, while the reaction of the same compound with maleic anhydride resulted in the coordination of the olefin to the Pd(II) centre. 16 In our recent work 14 we synthesized the complex [PdI(C 6 H 4 CH 2 OH-2)(bpy)] (I) and investigated its reactivity towards alkynes, alkenes, nitriles, cyanamides, allenes, and carbon monoxide, which did not result in clean insertion (C-Pd bond) or addition (O-H bond) reactions. 14 Only the reaction of I with XyNC gave a clean insertion product, trans-[PdI{C(vNXy)C 6 H 4 CH 2 OH-2}(CNXy) 2 ].
14 By deprotonation of complex I we prepared the chelate complex [Pd{κ 2 -C,O-C 6 H 4 (CH 2 O)-2}(bpy)] (II), which displayed an interesting reactivity towards primary alkyl halides, via a nucleophilic attack of the coordinated oxygen at the alkyl group of the halide. 14 We have now extended our research to the chelate complex II, which, in the presence of AgOTf, reacts with acetonitrile, cyanamides, and carbodiimides to give novel complexes containing a [Pd{κ 2 -C,N-C 6 H 4 {CH 2 OC-(vNX)Y}-2}] chelate ring, resulting, unexpectedly, from insertion reactions of the CuN or CvN bonds into the O-Pd bond of II. We have not found examples for such a chelate structure with any metal. The Ag + cations play a key role in these reactions, which is also an interesting observation. An insertion reaction of a carbodiimide into the aryl-Pd bond of I is also described, as is a mixed-metal Pd 2 Ag complex, which has been characterized by X-ray crystallography. Other heterometallic Pd 2 Ag 18 or Pd 2 Ag 2 19 complexes have been described in the literature, but their structures differ greatly from the one reported in this work. Thus, the reactivity that we report in this paper differs greatly from the reactions described for complexes I and II in our previous work.
14

Results and discussion
Reactions with nitriles and cyanamides We have not been able to achieve the insertion of nitriles or cyanamides into the C-Pd bond of complexes I or II. This negative result contrasts with the successful insertion reactions that we observed with the related complexes [PdI-(C 6 H 4 Y-2)(tmeda)] (Y = OH, NH 2 , N^N = tmeda, bpy, tbbpy), and a wide variety of nitriles 10, 12 and cyanamides. 12 In those reactions we proposed that the electron-donating OH or NH 2 group in ortho position would play a key role in the mechanism, via delocalization of a negative charge on the aryl ipso carbon. 10, 12 That mechanistic proposal would be now supported by the failure of these insertion reactions with the complexes I and II, for which the CH 2 link between the OH function and the aryl ring prevents the delocalization of electron density. In one of our attempts to react complex II with nitriles, we used 1,2-dichloroethane as solvent and heated to 60°C. We obtained then the complex [PdCl{C 6 H 4 (CH 2 OCH 2 CH 2 Cl)-2}-(bpy)] (III), which is the result of the nucleophilic attack of the oxygen in II at a CH 2 group of the 1,2-dichloroethane solvent. Complex III has been characterized by X-ray diffraction studies (see the ESI †), but we have not been able to purify and fully characterize it. We have described similar reactions of II with alkyl halides (bromides and iodides) in a previous paper. 14 not observe a similar reactivity. The formation of complex 5 is favoured by a shorter reaction time and a smaller amount of carbodiimide, and we have also observed that it is strongly influenced by the order of addition of the reactants. Thus, in the reactions of II with one equivalent of TolNvCvNTol and AgOTf, if the carbodiimide is added first and then the AgOTf, the major product is 3b (even if the reaction is stopped immediately), although it forms together with a variable amount of 5 (between ca. 5-10%). In contrast, if AgOTf is added first, followed by one equivalent of TolNvCvNTol, and the reaction is stopped immediately, the trinuclear complex 5 is the major product, with only ca. 20% of 3b (this amount increases if a longer reaction time is allowed). Complex 5 can then be separated from 3b by exploiting differences in solubility (see the Experimental section). From these observations we suggest that the trinuclear complex 5 forms by the nucleophilic attack of II on a [Ag(TolNvCvNTol) 2 ] + intermediate, and then it reacts with residual water, losing the Ag atom and forming two molecules of 3b. This "decomposition" to 3b would be favoured by an excess of carbodiimide, which would coordinate to the Ag facilitating the rupture of 5 (in an overnight reaction with a 5-fold excess of TolNvCvNTol, only 3b is detected, while the same reaction with only one equivalent of TolNvCvNTol gives a mixture of 3b and 5 in ca. 1 : 0.8 ratio). In contrast, when the carbodiimide is added before the AgOTf, it would immediately react with II, forming, presumably, first the neutral complex 4 and then, upon addition of the AgOTf, the ionic complex 3b, so that 5 would only be a minor product. We have tried to obtain complex 5 by reaction of 4 with 0.5 equivalents of AgOTf and, after 2 hours in CH 2 Cl 2 , the major product of this reaction was indeed the trinuclear complex 5, together with ca. 20% of 3b. Thus, it seems that complex 4 can be transformed in the presence of AgOTf to both 3b or 5, and the favoured product is determined by the reaction conditions. To summarize: to obtain 3b the best method is the reaction of II with AgOTf and TolNvCvNTol in a 1 : 1 : 5 ratio overnight (the order of addition of the reactants is not important), while for 5 the best method is to carry out the reaction in a 1 : 0.8 : 1 stoichiometric ratio (better than the theoretical 1 : 0.5 : 1 ratio), adding the AgOTf (to a solution of II) before the carbodiimide, and stopping the reaction immediately by evaporation of the solvent. 5 then needs to be separated from 3b by solubility difference (see the Experimental section). Complexes 3a,b also form in the reaction of the 2-hydroxymethylphenyl Pd complex [PdI(C 6 H 4 CH 2 OH-2)(bpy)] (I) with the corresponding carbodiimides and AgOTf, but with a much lower yield and purity, so that these reactions have not been pursued. Additionally, when complex I reacts with i PrNvCvN i Pr in the presence of TlOTf, instead of AgOTf, a ca. 1 : 1 mixture of two complexes forms: one is again 3a (which is now the result of the addition of the OH group to the carbodiimide and the coordination of one of the N atoms to Pd) and the other is [Pd{κ
Reactions with carbodiimides
(OTf ) (6, Scheme 2), which is the result of the insertion of the carbodiimide into the C-Pd bond. We have not been able to obtain complex 6 independently of 3a, even by varying the amount of carbodiimide or the reaction time, but we have been able to separate it from 3a by preparative TLC on alumina (see the Experimental section). Additionally, from a CDCl 3 solution of 6 we obtained single crystals, the X-ray structure of which showed them to be the unexpected complex IV, apparently formed by reaction of 6 with the residual HCl of the deuterated solvent (the attack of HCl on 6 would promote the intramolecular attack of the O on the CvN group of the inserted carbodiimide, the breaking of the C-N and Pd-N bonds and the formation of a new Pd-N bond). Unfortunately, despite much effort we have not been able to reproduce the synthesis of this complex, but we include the X-ray data in the ESI. † Finally, the reaction of I with TolNvCvNTol and TlOTf instead of AgOTf resulted in the formation of a complex that is probably an insertion product similar to 6 but that was not pure enough to be characterized. The (relatively) cleaner reactivity of the carbodiimides with I and TlOTf, compared to the similar reactions with acetonitrile and cyanamides, which gave intractable mixtures, is probably attributable to a combination of electronic and steric effects. The greater steric hindrance in the carbodiimides, together with their appreciable dipole moments, 21 would favour one (or two) major reaction pathways while hindering other secondary reactions.
NMR and IR data
All the complexes reported in this paper have been extensively studied by NMR spectroscopy (1D and 2D experiments), allowing an almost full assignment of the 1 H and 13 C resonances.
To facilitate comparison, the data are collected in Table S .1 in the ESI, † together with a more extended discussion. For the complexes 1-5, the insertion of the organic molecules (MeCuN, R 2 NCuN, or RNvCvNR) into the O-Pd bond, and not the C-Pd bond, is confirmed by the three-bond correlation between the inserted iminic CvN carbon and the methylenic CH 2 OH protons, observed in the 1 H, 13 C-HMBC spectra. For complex 6, in contrast, a three-bond correlation between the iminic CvN carbon and the o-H of the aryl ligand is observed. Other NOE and correlation data confirm these structures and allow the assignment of the different groups within the molecules (see the ESI †). For 3a,b and 6, the position of the proton at the uncoordinated N is also confirmed by the 1 H-NOESY and 1 H, 13 C-HMBC spectra, and is similar to that observed in the related complexes resulting from the reaction of carbodiimides with ortho-palladated phenol derivatives. 11, 12 The CvNH proton in complex 1
resonates at much higher frequency (δ 8.45 ppm) than in 2a,b (δ 4.81 and 4.76 ppm), for which the partial release of the lone pair from the NR 2 group results in a resonance form with a negative charge at the NH group. This electronic delocalization along the R 2 N-CvNH bonds in 2a,b is confirmed by the X-ray diffraction study of 2a, which shows a shortening of the single N-C bond and a lengthening of the double CvN bond, relative to other values (see below). In the complexes derived from cyanamides 
X-ray structure determinations
The crystal structures of the complexes 2a (Fig. 1) , 3a (Fig. 2) , and 5 ( Fig. 3 ; only one of the two independent cations is shown), have been determined by X-ray diffraction studies (see Table S .2 † for Experimental details). The crystal structures of III and IV are described in the ESI, † together with details of disordered solvent and anions. The structures of 2a, 3a, and 5 show somewhat distorted square planar coordination around the Pd atoms. Mean deviations from the best plane through Pd and the four donor atoms are 0.01 Å for 2a, 0.02 Å for 3a, and 0.03 (Pd1), 0.14 (Pd2), 0.04 (Pd1′), and 0.01 (Pd2′) Å for 5. The PdN2C2 chelate rings are all essentially planar and also coplanar with the Pd coordination planes (maximum interplanar angle 8°). The seven-membered rings in 2a and 3a have similar conformations, with the five atoms, Pd, N1, O1, C7, and C8 approximately coplanar, and C1 and C2 lying out of the plane to the same side. For 5, however, all four seven-membered rings have a different form in which C1, C2, N1, and C7 are coplanar, with Pd, O1, and C8 lying out of the plane to the same side.
The Pd-C bond distances for 2a and 3a are 1.981(3) Å and 1.9716(15) Å, respectively, both in the range expected for aryl ligands trans to N (ca. 1.97-2.00 Å). 4, 11, 14, 22 The two Pd-C bond distances for 5 are slightly longer, 2.014(7) Å for Pd(1)-C(1) and 2.009 Å for Pd(2)-C(31). The Pd-N (trans to aryl) bond distances are very similar for the three complexes (between 2.115(5) and 2.118(2) Å), and they are longer than the Pd-N (trans to N) bond distances (in the range 2.026(2)-2.070(5) Å), as expected for the stronger trans influence of the aryl ligand with respect to N-donor ligands. The X-ray diffraction study of 5 (Fig. 3) confirms the structure proposed for this compound, consisting of two molecules of 4 coordinated via nitrogen to a silver atom. The two Ag-N bond lengths are 2.121(5) and 2.128(4) Å, similar to other Ag-N bond distances reported in the literature for compounds with a N-Ag-N moiety. 23 The N(2)-Ag(1)-N(4) angle of 167.5(2)°departs significantly from linearity, but is still close to those found in the literature (between 168 and 179°).
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For the three structures we can suggest electronic delocalization along the N-CvN group, as a shortening of the single N-C bond and a lengthening of the double CvN bond is observed when compared with other bonds in the same or other molecules. Thus, the "single" bonds Me 2 N(2)-C (8) , and C (7)vN (2), C(37)vN(4) (1.292 (8), and 1.310(9) Å, 5) are longer than the mean value in imines (1.279 Å). 24 This CvN bond lengthening can be attributed to both the electronic delocalization along the N-C-N bonds and the coordination of the iminic nitrogen to Pd (in 2a, 3a) or Ag (in 5) (although it is interesting to note that the coordination of N(1) and N(3) to Pd in 5 does not cause a significant lengthening of the corresponding C-N single bonds (1.341(8) and 1.322(10) Å) with respect to the values for the (uncoordinated) C(8)-N(2) bonds in 2a (1.343(4) Å) and 3a (1.346(2) Å)). Our group has previously observed a similar electronic delocalization along the N-C-N bonds for complexes resulting from the insertion of carbodiimides and cyanamides into the C-Pd bond, or the addition of carbodiimides to the O-H bond, of ortho-palladated phenol derivatives. 12 It is also interesting to note that in the trinuclear complex 5 the electronic delocalization in one of the N-CvN moieties is much greater than in the other (bond lengths in N(1)-C (7)vN (2) 
Conclusions
We have investigated the reactivity of two Pd complexes derived from benzyl alcohol (one of them a κ 2 -C,O chelate) towards nitriles, cyanamides and carbodiimides. With the chelate complex we have obtained novel neutral or ionic complexes containing a 7-membered κ 2 -C,N chelate ring, resulting from the insertion of the organic molecules into the O-Pd bond. The presence of AgOTf was necessary for most of these reactions. A novel heterometallic bis-chelate Pd 2 Ag complex has also been synthesized. Starting from the non-chelate complex, we have achieved the insertion of a carbodiimide into the aryl-Pd bond. All the new compounds have been extensively characterized by NMR spectroscopy, and three of them, including the mixed-metal complex, by X-ray crystallography.
Experimental
The 1 H and 13 C resonances were assigned with the help of 2D NMR experiments measured in Bruker Avance 400 and 600 MHz spectrometers (see Chart 2 for the numbering system). Molar conductivities were measured for ca. 5 × 10 −4 M solutions in acetone, using a CRISON micro CM2200 conductivity meter. Infrared spectra were recorded using a Perkin Elmer Spectrum 100 spectrophotometer, and C, H, N, and S elemental analyses were carried out with a Carlo Erba 1106 microanalyzer. Melting points were determined on a Reichert apparatus and are uncorrected. (8), O(1)-C(7) = 1.368 (7), N(1)-C(7) = 1.341 (8) , N(1)-C(11) = 1.422 (8) , N(2)-C(7) = 1.292 (8) , N(2)-C(21) = 1.418 (8), O(2)-C(38) = 1.456 (9), O(2)-C(37) = 1.390 (7), N(3)-C(37) = 1.322 (10) , N(3)-C(41) = 1.416 (8) , N(4)-C(37) = 1.310 (9) , N(4)-C(51) = 1.415 (10) ; N(4)-Ag (1) according to literature procedures. Other products were obtained from commercial sources and used without further purifications. , 3.59; N, 9.51; S, 5.44. Found: C, 42.81; H, 3.60; N, 9.43; S, 5.12 PdS: C, 46.55; H, 4.53; N, 8.69; S, 4.97. Found: C, 46.67; H, 4.40; N, 8.37; S, 4.59 
